Problem: Chlamydia trachomatis infections are often associated with acute syndromes 22 including cervicitis, urethritis, and endometritis, which can lead to chronic sequalae such 23 as pelvic inflammatory disease (PID), chronic pelvic pain, ectopic pregnancy, and tubal 24 infertility. As epithelial cells are the major cell type productively infected during genital 25 tract Chlamydia infections, we investigated whether Chlamydia has any impact on the 26 integrity of the host epithelial barrier as a possible mechanism to facilitate the 27 dissemination of infection, and examined whether TLR3 function modulates its impact.
We used a similar method to monitor the upper genital tract infection in mice as described 157 elsewhere [31] . To recover viable Chlamydia from the UGT of C. muridarum infected 158 wild-type and TLR3-deficient mice, each mouse's UGT tissue sample was homogenized 159 in 300µl of SPG using a 2-ml Dounce tissue grinder (Sigma) and subsequently passaged 160 through a 20-gauge syringe. After a brief sonication, the released chlamydial EBs were 161 titrated on McCoy cell monolayers as described previously in [8, 28, 30] . Briefly, Electric Cell-Substrate Impedance Sensing (ECIS) 172 Trans-epithelial resistance (TER) of C. muridarum infected OE cell monolayers were 173 measured with the ECIS system using the Zθ (Theta) model and using the 8W10E+ (8-174 well) arrays (Applied Biophysics Inc; Troy, NY). Prior to seeding the cells, the array 175 chambers were treated with a 10mM solution of cysteine for 10 min at room temperature 176 to stabilize the electrode. After removing the stabilization solution, the wells were washed 177 twice with sterile distilled water, and seeded with either the OE-129WT cells or the OE-178 TLR3(-) cells at a density of 10 5 cells/cm 2 in 400ml total volume epithelial media to achieve 179 rapid confluence. After a brief centrifugation for 10 min at 1000 x g to attach cells to the 180 surface, the cells were incubated at 37⁰C in a CO 2 incubator for 4hrs to become 181 completely confluent, which was verified by microscopy prior to proceeding to the next 182 step. After 4hrs of incubation, IFN-β was added to certain wells containing OE-TLR3(-) 183 cells to achieve a final concentration of 50U/ml and returned to the CO 2 incubator for an 184 additional 1hr. After the 1hr incubation with IFN-β, all cells were infected with a multiplicity 185 of infection (MOI) of 1 IFU/cell using the method described above. Resistance, 186 capacitance, and impedance information was collected continuously for 48hrs post-187 infection. Each experiment had two replicate wells per array and the experiment was 188 repeated at least six times. OE129-WT cells, OE-TLR3(-) cells, and OE-TLR3(-) cells that pre-treated with 50U/ml 208 recombinant IFN-β were grown to confluence before being either mock-infected or 209 infected with 10 IFU/ cell C. muridarum. The OE-TLR3(-) cells pre-treated with IFN-β had 210 the 50U/ ml IFN-β added to the media 1hr prior to infection as described in [8] . Cell 211 lysates were harvested at either 0, 8, 12, 20, or 36hr post-infection, and total cell RNA 212 was isolated using the RNeasy plus kit (Qiagen; Valencia, CA) according to 213 manufacturer's protocol. The DNA-free RNA samples were quantified using the 214 NanoDrop spectrophotometer (Thermo Scientific), and cDNA was obtained with the 215 Applied Biosystem's high-capacity cDNA reverse transcription kit (Thermo Fisher) using 11 216 500ng total cell RNA. Target gene cDNA was amplified using Applied Biosystem's 217 TaqMan gene-expression master kit in reactions containing primers for the various tight-218 junction (TJ) genes and/or the β-actin control primers (Table 1) according to 219 manufacturer's protocol. Quantitative measurements were performed via ABI7500 real 220 time PCR detection system (Thermo Fisher). Relative expression levels were measured 221 as a fold increase in mRNA expression versus mock controls and calculated using the 222 formula 2 −ΔΔCt as described in [33] . carefully rinsed with PBS before being fixed 10 minutes at room temperature using 10% 257 neutral-buffered formalin (Sigma). The monolayers were washed at room temperature 3 258 times for 5 minutes using PBS. After washing in PBS, the cells were blocked and 259 permeabilized for 30 min using PBS containing 1% BSA and 0.1% saponin. After 13 260 permeabilization, cells were washed in blocking buffer (PBS + 1% BSA) at room 261 temperature for 5 min, and the primary antibody (either Claudin-1; 1:50 dilution, ZO-1; 262 1:100 dilution, or JAM-1; 1:200 dilution) was added to the cells for 1hr at room 263 temperature. After washing at room temperature 3 times for 5 minutes using PBS, the 264 cells were then incubated in the dark at room temperature for 1hr using either goat anti-265 rabbit, goat anti-mouse, or donkey anti-goat 2° antibody conjugated with Alexa fluor-594
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(1:1000 dilution, Molecular Probes). Finally, the cells were washed 3 times for 5 minutes 267 using PBS and counterstained with DAPI to identify the nuclear DNA. Duplicates 268 processed without primary antibodies served as negative controls. Fluorescence was 269 imaged using a Leica DMI 6000B inverted fluorescent microscope. 
Results
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Chlamydia muridarum ascends more rapidly into the upper 280 genital tract tissues of TLR3-deficient mice 281 We previously showed that TLR3-deficient mice exhibited significantly higher levels of 282 chlamydial shedding from the lower genital tract when compared to wild-type (WT) mice 283 during the first four weeks of infection [6, 27] . Additionally, our earlier in vitro studies 284 showed that Chlamydia replication in oviduct epithelial (OE) cells deficient in TLR3 was 285 more robust than in the wild-type OE cells [8] . The data from those previous experiments 286 showed that TLR3 had a biological impact on the innate immune response to Chlamydia 287 infection in mice, and we hypothesized that TLR3 deficiency may have subsequent impact . However, we did not observe an initial 319 increase in TER in the TLR3-deficient OE cells as we had seen in the wild-type OE cells, 320 which corroborates reports by others suggesting a critical role for TLR3 in increasing 321 epithelial barrier function early during the epithelial repair process [38, 39] . The rate of 322 degradation in TER was significantly higher in the TLR3-deficient OE cells, which resulted 323 in an almost 80% decline in TER by 36hrs post infection. We previously reported that C. The more dramatic reduction in TER appears to coincide with increased macromolecular 366 permeability in the TLR3-deficient OE cells late during C. muridarum infection. This 367 implies that TLR3-deficiency leads to a more acute breakdown in the integrity cellular tight 368 junctions (TJs) and/ or adherence junctions (AJs) that are known to be affected during 369 cellular invasion by certain viral and bacterial pathogens [34, 36, 37, [40] [41] [42] . To ascertain 18 370 whether the dissimilarity in macromolecular permeability and TER between the wild-type 371 and TLR3-deficient OE cells correlates with a differential regulation in TJ gene expression 372 during Chlamydia infection, we measured mRNA expression levels of the candidate TJ 373 proteins by quantitative real-time-PCR (qPCR). OE129-WT, OE-TLR3(-), and OE-TLR3(-374 ) cells pre-treated with IFN-β were either mock-infected or infected with 10 IFU/ cell C. The protein expression levels of claudins 1-3 were dramatically different between 437 the OE-129WT cells and the OE-TLR3(-) cells (Figures 6A-6C ). As shown, claudin-2 and 438 claudin-3 proteins were expressed in the OE-129WT cells and their expression levels 24 507 critical proteins that form the cell-cell junctions (i.e., TJs and AJs) that play critical roles 508 in forming intercellular adhesions [34-36, 46, 47] . The disruption of these intercellular 509 adhesions during infection by Chlamydia is hypothesized to be an important immune-510 evasion strategy that involves recognition of specific chlamydial PAMPs, which then 511 triggers signaling events that manipulate host-cell structure and function to help facilitate 512 its spread within the host [43, 46] . In addition to the chlamydial downregulation in the 513 secretion of specific immune regulators and anti-microbial peptides, the chlamydial 514 disruption of intercellular adhesions is also thought to play a significant role in increasing 
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The Chlamydia-induced synthesis of TNFα and IL-1β via either TLR2 or TLR4 represents 524 an example of such a mechanism in which the innate immune-response to Chlamydia 525 infection leads to synthesis of inflammatory modulators that affect epithelial barrier 526 function. IFN-γ is another TLR-dependent inflammatory mediator that is known to be 527 induced during the protective immune response to Chlamydia infection [48] [49] [50] [51] [52] . Its 528 synthesis in gut epithelium in response to either infection or inflammatory disorder has 529 been shown to be associated with decreased TER and increased macromolecular 25 530 permeability in gut mucosa [53] . Interestingly, we recently reported significant 531 dysregulation in the syntheses of IFN-γ, TNFα, and IL-1β in C. muridarum infected TLR3-532 deficient mice when compared to wild-type controls [27] . Because IFN-γ, TNFα, and IL-533 1β are differentially expressed in the context of TLR3 deficiency, we hypothesized that 534 TLR3 deficiency may have significant impact on the integrity of the epithelial barrier within 535 the female reproductive tract during Chlamydia infection due to the altered expression of 536 these and other key cytokines. 537 We showed that TLR3 deficiency does indeed have a significant impact on the 538 TER of OE cell monolayers during C. muridarum infection, and the more rapid rate of TER 539 decline in the TLR3-deficient OE cells resulted in the significantly increased rate in 540 macromolecular permeability through these monolayers after 24hrs post-infection (see 541 Figs 2 and 3). We also showed that TLR3 deficient cells were differentially regulated in 542 the expression of several candidate TJ genes (Figs 4 and 5) . The TJ protein expression 543 in the OE cells appeared to be mostly representative of the gene transcription trends in 544 the respective OE cell types. However, whereas we did not observe any significant 545 impact on TER, macromolecular permeability, or TJ transcription levels when OE-TLR3(-) 546 cells were pre-treated with IFN-β prior to infection, we did notice some augmented protein which is a major component of cellular AJs [36, 37] . It is not yet known whether CPAF 554 can target and degrade either claudin-1, claudin-2, or ZO-1, or even if CPAF activity can 555 be regulated by IFN-β. However, based on our findings of protein instability of these 556 particular TJ proteins, and the observed effect that IFN-β has on increasing their stability 557 during Chlamydia infection, we can extrapolate that IFN-β may downregulate CPAF 558 function as a possible mechanism of how TLR3-dependent IFN-β can help better control 559 C. muridarum replication in wild-type OE cells and mice. Further study is needed to 560 ascertain whether CPAF can degrade these particular TJ proteins over the course of 561 Chlamydia infection, and to observe whether this activity is regulated by IFN-β.
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Our data proposes a role for TLR3 signaling in maintaining the integrity of epithelial 563 barrier function during genital tract Chlamydia infection, a function that we hypothesize is 564 important in helping contain bacterial spread, but one that eventually becomes 565 overwhelmed during productive infections as the pathogen ascends into the UGT. We
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show that TLR3 deficiency leads to more rapid ascension into the UGT of infected mice, 567 and we attribute the more rapid ascension to dysregulation in the C. muridarum-induced 568 syntheses of critical immune modulator and the infection caused disruption of cell-cell 569 junctions. We are likely the first to report a role for TLR3 in maintenance of barrier integrity 570 in oviduct epithelium during genital tract chlamydial infections; however, our work here 571 corroborates a prior study in which the investigators reported a role for TLR3 in normal 572 skin barrier repair following UVB damage [38] . In that study, the authors report changes 573 to TER, paracellular transport of fluorescein-labeled sodium, and TJ protein expression 574 when human keratinocytes were exposed to the TLR3 agonist poly-IC. The poly-IC was 575 used to simulate the induction of snRNAs that are hypothesized to trigger TLR3 27 576 responses during UVB damage [39] . Our studies also parallel in that the prevailing 577 hypothesis in both of our investigations involve a putative mechanism whereby TLR3 578 elicits this barrier maintenance function via cytokines and chemokines that are triggered 579 upon stimulation by its appropriate PAMP. The identification of the exact immune factor 580 that affect each specific aspect of the epithelial barrier function are subjects of our further 581 investigation into this phenomenon. 
